MEMS 411; Ground Work Station by Wille, Samuel & Renbaum-Koss, Daniel
Washington University in St. Louis 
Washington University Open Scholarship 
Mechanical Engineering Design Project Class Mechanical Engineering & Materials Science 
Spring 2021 
MEMS 411; Ground Work Station 
Samuel Wille 
Washington University in St. Louis 
Daniel Renbaum-Koss 
Washington University in St. Louis 
Follow this and additional works at: https://openscholarship.wustl.edu/mems411 
 Part of the Mechanical Engineering Commons 
Recommended Citation 
Wille, Samuel and Renbaum-Koss, Daniel, "MEMS 411; Ground Work Station" (2021). Mechanical 
Engineering Design Project Class. 137. 
https://openscholarship.wustl.edu/mems411/137 
This Final Report is brought to you for free and open access by the Mechanical Engineering & Materials Science at 
Washington University Open Scholarship. It has been accepted for inclusion in Mechanical Engineering Design 
Project Class by an authorized administrator of Washington University Open Scholarship. For more information, 
please contact digital@wumail.wustl.edu. 
SP21 MEMS 411 Mechanical Engineering Design Project
Ground Work Station
This project aims to design a support mechanism for ecological field researchers
who interact with plants and other samples from the forest floor for long periods.
The design aims to recreate the functionality of bending over for long periods of
time, while protecting the backs, hips and knees.
The process by which these goals were achieved is laid out in this report.
Problem definition, concept generation, prototype testing, and design refinement
are the primary components of this report, leading to a final prototype product.
A key aspect of the design refinement process includes the considerations of
manufacturability, safety, and usability. In conjunction with the adjustability of
the design for user size, these considerations led to a concept embodiment with
mitigated risks and improved function. Finally, the prototyping process led to two
products, one modeled using Computer-Aided Design (CAD), and one physical
prototype built to test the comfort and functionality of the design. Due to
limitations resulting from the COVID-19 pandemic, the resources available for full
physical prototyping were limited, so the scope was redefined to demonstrate key
achievements of the concept.
Future work for this project could include a fully operational prototype with folding
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1 Introduction
This project aims to design a ground work station for Washington University researchers at Tyson
Research Center. The station will allow a variety of users to comfortably hover over a one square
meter plot of land to be observed. It will allow for long-term working and preserve the integrity
of the plants and ground around the observation area. Many needs must be accommodated in
the pursuit of these goals. The approach to developing a solution will focus on meeting as many
customer desires as possible, while acting within project resource constraints. A fully realized
iteration of the device will be developed by the end of the undertaking.
2 Problem Understanding
2.1 Existing Devices
A few devices found that inspired and exist in a similar capacity are listed below.
2.1.1 Existing Device #1: Fully Balans Desk Chair
Figure 1: Fully’s Balans chair (Source: www.fully.com)
Link: https://www.fully.com/chairs/fully-balans-kneeling-chair.html
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Description: Chairs like the Balans are built with the intention of relieving the typical aches and
pains of the hours spent in the typical office chair. from the Fully website ”The Fully Balans drops
your legs to a 120 degree angle, opening the hips and taking pressure off your tailbone, back, and
neck.”
2.1.2 Existing Device #2: Essential Garden seat with Tools
Figure 2: Collapsible gardening seat from Gardens Alive! (Source: www.gardensalive.com)
Link: https://www.gardensalive.com/product/essential-garden-seat-with-tools
Description: This gardening seat and tool carrier is a mobile must for gardeners and outdoors
people a like. colapsible light and hold as many tools as you might need. Made to stop the user
from having to kneel and sit in the dirt all the time when gardening.
4
2.1.3 Existing Device #3: Keysco Knee Saver Work Seat





Description: The Knee Saver Work Seat allows users to kneel on soft pads while also sitting on a
padded seat, close to the ground. It is wheeled, meaning that users would have to stay in place
with their feet. It has an adjustable seat height to accommodate various sizes of user.
2.2 Patents
2.2.1 Sit kneel chair US patent no. (US4589699A)
This patent is the original design concept for a kneeling chairs. David Dungan created this seat
in an attempt to allow the user to sit and find the senter of their own body as a more healthy and
ergonomic way to sit. It consists of a seat for the users rear and a set of leg cushions to support
the users shins and knees.
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Figure 4: Patent Images for Sit Kneel Chair
2.2.2 Collapsible and Portable Rocking Chair (US 20190110599 A1)
This patent details a rocking chair which folds to a portable size. This concept will be useful due
to the combination of collapsible and flexible design. While our design may not need to rock, it
would be useful to be able to configure multiple positions for the device and fold up for travel.
Figure 5: Patent Image for Collapsable and Portable Rocking Chair
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2.3 Codes & Standards
2.3.1 Spatial Orientation and Direction of Movement — Ergonomic Requirements
(ISO 1503:2008)
This International Standard discusses degrees of freedom for users in ergonomic design of work-
stations. It details the ability of users to move in certain ways relative to any device. It would be
very useful in the design of our work station as we could better account for the needs of various-sized
users. More freedoms could be allowed in our design to provide customers with a more comfortable
and sustainable working experience.
2.3.2 Furniture - Chairs - Determination of Stability
(ISO 7174-1:1988)
This International Standard sets requirements for the determination of stability for chairs. It
would be very useful in the design of a chair which allows researchers to lean over their work area
while not tipping the stool. It is additionally important because the device must be able to operate
as intended on inclined surfaces.
2.4 User Needs
The customers were interviewed to determine their needs for the device. Key details and findings
are detailed below.
2.4.1 Customer Interview
Interviewees:Professor Jonathan A. Myers Erin O’Connell
Location: Online
Date: February 2nd, 2021
Setting: During a group zoom disccussion we spoke with Prof Myers and Erin about their work
as biologist in the field of Ecological study of herbatious Plants. They are currently studying the
affects of controlled burning and have to record, label, measure and observe hundreds of square
meter plots with varying amounts of plant life within them.
Interview Notes:
What are the defects of the device currently in use?
– the current device is poorly constructed, encourages bad posture and is not mobile.
What are the most important aspects you want to see in the new device?
– Preventing erosion while we work is the foremost use in this device.
– Saving our backs and knees from the current abused served by the device we use now.
– It would be nice to have a type of holder built in for the supplies we carry.
– Staying elevated from the surface by at least 6 inches because ticks are a big issue.
– Like for it to be light and portable.
– Want to be able to use it on inclined surfaces of varying steepness as the land we are working
with now is very hilly.
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What do you usually carry with you?
– Pencils/pens, labels, tape measure, notebooks, clipboards, water-t at least that pretty much
all we would want to be able to carry on the device itself.
Anything else you would like to see on the new design?
– It would be nice to have some sort of way to hold an umbrella, it gets really hot and also will
rain so good to be able to keep working.
– Also if it’s possible for it to double as a step ladder. We frequently need to climb over short
fencing and we don’t want to have to keep carrying around two step ladders.
2.4.2 Interpreted User Needs
The conclusions from the interview are compiled in Table 1 below.
Table 1: Interpreted Customer Needs
Need Number Need Importance
1 Design must not erode, damage, or otherwise interfere with the
one square meter area of observation while allowing easy access
to interact with and observe it
5
2 Design should minimally erode/damage ground surrounding
observation area, including plant life and root systems
3
3 Design must allow for easy and supported viewing and touching
of observation area, as well as be comfortable for long periods
of time
4
4 Design should have multiple configurations for variation of po-
sition to promote long term comfort
3
5 A writing platform should be included for easy note taking
during observation
3
6 Design must accommodate a variety of users by size, dexterity,
and mobility
5
7 Design should be transportable and compact for frequent mov-
ing between sites
4
8 Design should keep user completely elevated off ground for pre-
vention of tick bites
4
9 Storage should be built in for commonly used tools 4
10 Attachment for an umbrella should be included 4
2.5 Design Metrics
Preliminary measurable goals are set from the customers needs as well as the standards and
patents above. These goals are detailed in Table 2 below.
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Metric Units Acceptable Ideal
1 2,7 Total weight lb 40 20
2 8 Minimum elevation of user from ground in 6 12
3 3 Maximum weight to be held by device lb 400 600
4 4 Configurations of Device for User positions integer 2 4
5 9 Volume of tool storage space in3 100 231
6 5 Area of writing platform in2 100 110
7 1,2 Device footprint area (ISO 7174, do not yet
have access)
in2 200 400
8 3 Maximum supported distance of user head
from device center of gravity
in 2 3
2.6 Project Management
The Gantt chart in Figure 6 gives an overview of the project schedule.
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Two mockups were developed for potential solutions to some needs of the product. First, a
mockup of a potential footprint for the device was made. This mockup is intended to show a frame
which would minimize damage to the ground the device sits on. Weight distribution is key around
the frame.
Figure 7: Mockup of Footprint Frame
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The next mock-up was made to examine and represent a seated position to use as an approach
to later designs. An ergonomic concept of weight distribution using cut out to represent leg shape,
as if it were molded for someone in particular.
Figure 8: Mock up of seated position out of clay
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3.2 Functional Decomposition
In order to develop the needs of the device, a function tree was developed. It is displayed below
in Figure 9.
Figure 9: Function tree for Ground Work Station, hand-drawn and scanned
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3.3 Morphological Chart
Below in Figure 10 is a morphological chart detailing brainstorming for each project need.
Figure 10: Morphological Chart for Ground Work Station
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3.4 Alternative Design Concepts
3.4.1 6-Pack Folding with Knee Pads
Figure 11: Preliminary and Final sketches of Hanging Knee design
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Solutions from morph chart:
1. Device supports knees, back and chest
2. Suspends user 6 inches above the ground
3. Hanging tool pouch for users tools
4. Collapsible using a 6-pack beer design
5. Arms free to allow for work
6. Knee straps doubling as carrying strap
Description: A collapsible, strong, and supportive ground work seating device. Ratchet straps make
knee supports adjustable in height. Chest support and Seat are both height adjustable, bike seat
post style. hanging tool pouch on the side adjustable for handedness.
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3.4.2 Two-Level Foldable Work Station with Wide Footprint and Observation Area
Overhang
Figure 12: Final and Rough Sketches of Two-Level Design
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Solutions from morph chart:
1. Device supports knees, back and chest
2. Suspends user over 6 inches above the ground
3. Hook for Tool Bucket
4. Collapsible using a fold-up flat, hinged, design.
5. Arms free to allow for work
6. Overhang observation area
7. Protect observation area
8. Minimize damage to surrounding area
9. Provide Writing Platform
10. Provide Umbrella Attachment
11. Easy to mount and dismount
12. Hold Device Together when Collapsed
13. Function as Step Ladder
Description: This concept creates a comfortable station for workers which allows them to overhang
observation area without stressing their back and neck. Additionally, it allows them to access their
tools and write without dismounting the device or even sitting up. The configuration allows them
to mount an umbrella to a sturdy clip in case of inclement weather. The frame footprint has good
weight distribution for minimal damage to the ground it sits on. This device may be usable on hills




The concept selection process starts by determining criteria to evaluate ideas and determining
their relative importance. This is most accurately done using an Analytic Hierarchy Process as
done below in Figure 13.
Figure 13: Analytic Hierarchy Process (AHP) to determine scoring matrix weights
4.2 Concept Evaluation
Next, with the criteria selected and weighted, the two concepts are evaluated and will be scored
compositely. This will occur in the Weighted Scoring Matrix in Figure 14 below.
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Figure 14: Weighted Scoring Matrix (WSM) for choosing between alternative concepts
4.3 Evaluation Results
From the Weighted scoring matrix and the Analytical hierarchy process the resulting selection
would be concept 1, however this would be a brash choice given the closeness of the results of the
process. The best apparatus we can build will most likely combine both concepts to an extent.
some of the other criteria that is not in this matrix are ease of manufacture and comfort which may
move the needle one way or another. Combining features will most likely be in our best interest
primarily for the ease of manufacturing given that we are going to face some challenges not being
able to work together on the building of the ground work station. the primary focus will be to
determine a design which implements our most desired characteristics and for the time being that
is concept #1 however that is subject to change as the building process goes forward.
4.4 Engineering Models/Relationships
One particularly important engineering model for this device design will be determination of
the center of gravity. This can be easily done using a moment balance. The equation for a one
dimensional moment balance will assist in finding the center of gravity from the back to the front
of the device. The further toward the center of the device footprint the center of gravity is, the
more stable it will be. Adding in and accounting for the mass of the user will be important to this
calculation. A composite equation can be found below.
∑
M = mpersongRp +mdevicegRd (1)
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In this equation, the sum of the moments about any given place is equal to the sum of moments
caused by the user and device. Here, each moment is defined by the mass of the object, times
acceleration due to gravity, times the radius between the place where the force acts and the place
moments are taken about.
The second engineering model relevant to this device is determination of friction force. This
will be critical in determining the likelihood of the device footprint shifting. The footprint must
be highly resistant to slipping even on surfaces with low friction coefficient because the ground
being studied must not be damaged, and a sliding work station would cause immense damage to
important plants. An equation for frictional force is found below.
Ff = µFn (2)
In this equation, the force of friction is equal to the friction coefficient multiplied by the normal
force from the ground. This normal force will be equal to the combined weight of the user and the
device.
Figure 15: model for arm movement and proximity to ground work
While designing the groundwork station it will be important to take into account the dimensions
of the human body to see how far off the ground people will need to be. Ideally the user will be
able to reach 20 inches into the work zone (half a meter) so that you can limit the movement of the
apparatus while working. If your arms from the center of your palm to the chest is 20 inches then
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your shoulders need to be about 17 inches from the ground, this height will need to vary plus or
minus at least 3 inches maybe even rise more than that for taller persons. Height of the shoulder





h = l ∗ sin(Θ) (4)
A person with an arm length of 18 inches would need their shoulders to sit at about 15 inches from




As the design process for the ecological groundwork station continues, our team has begun settling
into an initial prototype that draws primarily from the ”6-Pack Folding with Knee Pads” concept.
However, many clarifications and design alterations/additions have been made since the concept
generation process.
22
Figure 16: Assembled projected views with overall dimensions
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Figure 17: Assembled isometric view with bill of materials (BOM)
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Figure 18: Exploded view with callout to BOM
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5.2 Proofs-of-Concept
Our initial prototype consists of a combination of ideas from our design concepts. The overall
design centers around the 6-pack folding frame with hanging knee pads concept. The CAD proto-
typing was useful in consideration of ergonomics and the apparatus structure. It played in tandem
with our proof of concept testing to give us a realistic picture of how the weight distribution and
user position will effect one another. We believe the kneeling position of the user in our initial CAD
prototype will be comfortable, and keep the weight as centered as possible while giving the user
reach outside of the frame of the device. More so, generating a full prototype allowed for cohesive
combination of concepts with each little detail accounted for and brought to fruition. While the
initial prototype has more visible similarities with one concept, the details behind its most recent
iteration are largely based off of the engineering models used to understand the user interaction,
specifically with regards to weight, distances and configuration for ease of use.
There were modifications from the selection process to this initial prototype. We first reconsidered
the base/footprint of the groundwork station. While intentionally omitted from the CAD prototype,
we now are considering using tent stakes to hold down the rear of the station to prevent tipping.
This feature would eliminate the need for a large cantilevered footprint to accommodate for the
user leaning over the side of the frame. Additionally, it would eliminate the need for a high
friction footprint, which is useful on a leafy and slippery surface such as the forest floor. The
folding/collapsing feature of the station has also been changed from folding along the center y-axis
to now folding along its x-axis, as the user lifts from the center bar, near the seat, the station
collapses down such that the center bar can act as a handle for carrying. We are considering other
design concepts as this idea comes to fruition, to ensure the best possible outcome for our final
prototype. The materials have also been adjusted as the design process progressed to accommodate
for weight and ease of manufacture.
6 Design Refinement
6.1 Model Based Design Decisions
For this design revision, we analyzed the current prototype with two key engineering models and
developed design conclusions. First, we used the friction model discussed in our concept selection
to analyze the amount of force required laterally to make the device slide on wet ground both with
and without a user. This would be a safe estimate for the worst case scenario, as friction coefficient
is lowest on wet ground. Without the user present the friction force is lowest, and only 7.6 lbs
laterally would be required to slide the device. This will generally not be a problem, as kicking or
bumping the device would only make it slide a very short distance. With a moderate sized user
(150 lbs) the force required is nearly 40 lbs. It is very unlikely that the device would slide with a
user on it.
Next, we analyzed the design with the arm length and reach model. As a large person’s arm is
only 20 inches long, it is unrealistic to get any form of elevated user to be able to reach 20 inches
to the center of the observation area. Therefore, we reduced our expected reach to 10 inches inside
the area. With this model, we used 15-20 inches as the range of arm lengths expected, and the
Pythagorean theorem to determine the required range of heights of the chest pad off the ground.
The initial prototype was far too high off the ground at 27-35 inches. The realistic heights we will
need with our updated bike frame design will be between 11.18 and 17.32 inches.
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Figure 19: Quantitative Analysis of Design with Engineering Models
6.2 Design for Saftey
Below is a list of risks assessed upon reaching the final stretch of this design process. Since our
concept has changed slightly new and old safety risks still exist and are important to evaluate in
the next steps of the designing process.
6.2.1 Risk #1: Back Injury
Description: This is primarily an issue due to the most recent prototype. In its current state
using 2 x 4’s and a bike frame. the apparatus may be much heavier than anticipated. If someone
were to try to carry it awkwardly or if the dont have a buddy to help they risk back pain or at its
worst a serious back injury.
Severity: This risk has the potential to be extremely severe. However, the intention for a final
prototype, is for this risk to be very successfully mitigated.(folding, lightened, carrying straps)
Probability: High at the moment because of the cumbersome nature of the prototype. In the
future there is still a possibility as there is in cary or holding most things, but in fitting within our
weight requirement should remain less of an issue.
Mitigating Steps: Replacing 2 x 4’s with 2 x 2 and/or pvc. Adding the collapsible nature to
the design by including hinges and/or pivot hinges.
6.2.2 Risk #2: Pinched Fingers
Description: In the final scenario of the prototype being a collapsible unit, the possibility of
getting a finger caught in the opening or closing of the apparatus is very possible.
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Severity: The severity of this risk is honestly pretty low. its not like the weight of a car door or
automatic closing full size buildign door is closing on your fingers. At most you need a bandaid or
get a bad pinch, maybe need an ice pack.
Probability: Medium chance of this happening and after it happens once, definitely will not
happen again. Though, the same may not be said for ratchet straps, while pain of instance may be
low, getting skin or fingers caught in a ratchet strap is always possible.
Mitigating Steps: Warning labels and covers.
6.2.3 Risk #3: Splinters
Description: Where the model currently sits, splinters are a hazard in may steps of its use,
because of the low quality of factory lumber.
Severity: Splinters are rarely that devastating of an injury
Probability: Somewhat likely, but would vary based on mitigating steps
Mitigating Steps: Being careful about the cuts of wood being used, not all 2 x 4’s are cre-
ated equally. Sanding! sanding corners, cuts, joints, and whole pieces to ensure lower chances of
splintering.
6.2.4 Risk #4: Discomfort
Description: The design of using a bike seat, swinging knee pads and a chest pad provides what
should be a comfortable seating arrangement whether the user is upright on the bike seat or bent
over on the chest pad. However, if a person has previous injuries in the hips back or knees this
will most likely cause irritation. The bike seat may be uncomfortable if it doesn’t have sufficient
padding and if the user is on either end of the height or weight spectrum there may be discomfort
there as well
Severity: The severity of this risk has a very wide range as there are so many levels of discomfort,
so its best to cal this moderate severity.
Probability: The hope of this design is that the probability of discomfort is very low and from
what our models and prototyping have shown is that this is the case.
Mitigating Steps: Ensuring that the apparatus is assembled with the correct dimensions for
maximum comfort and adjust-ability.
6.2.5 Risk #5: Slips and Breaks
Description: This is the risk of the user succumbing to an injury due to slipping out of the knee
braces or the apparatus itself breaking.
Severity: The severity could be quite high due to use of metal and wood as the materials,
especially due to a slip. having a bike frame below the user could cause serious harm if they were to
fall out of the knee pads. Still though, the risk is only a large amount of discomfort or a bad bruise,
the distance falling is only a few inches, same goes for a break in the wooden frame anywhere.
Probability: The probability of a slip is much higher than a break. Slipping still seems quite
unlikely though not impossible.
Mitigating Steps: Ensuring that the ratchet straps are confined to movement in only one di-
rection, will keep them from sliding around back and forth on the bike frame which should prevent
any unforeseen slips. Good wood and joinery should prevent the frame from breaking while in use.
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Figure 20: Heat map for risk assessment to prioritize focus
It is quite clear to see that avoiding back injury is the most import risk to try to mitigate. The
back is arguably the most important part of a persons physical mobility. At all costs a design that
is meant to be carried should not be a likely cause for back injury. The following risks after back
injury do make a good deal of sense. User comfort is a primary prototyping goal in the first place
ensuring that all users are comfortable while doing there work is very important. Slips and breaks
while possibly high in severity are quite unlikely, so their position in the map makes complete sense.
Splinters and pinched fingers are both where they should be in our opinion. Both quite harmless and
easy to mitigate. I think i may underestimate how easy some users may get their fingers pinched
but even still the working prototype at the moment does not collapse so it is nearly impossible.
6.3 Design for Manufacturing
To get a better understanding of where we are currently at and later intend to go, the current
design prototype will be held separately from the CAD design. Our current design uses 2x4’s, nails,
screws and bike parts. It has no folding mechanisms at the moment and this severely limits the
number of theoretically necessary parts. Below is an image showing sketches of the current design
and possible changes and concepts for future prototypes.
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Figure 21: Sketches to aid in concept understanding and design
The number of parts in the current design is around ten if the wooden framing materials arent
individually counted. Since the wooden memebers largely become their own part it doesnt seem
worth including. Threaded fasteners alone are also quite few, but a good estimate for that might
be 20, which is on the high end, again not counting nails for the wooden frame.
Theoretically Necessary parts include, bike frame with seat (2 parts), chest pad, chest pad fas-
tening tube, wooden frame, both knee pads, 2 ratchet straps, tent stakes, and equipment holder.
The bike and seat must be separate for now because its desirable to have a nice cushioned bike seat
that moves independently. The same goes for the chest pad. The wooden frame is really its own
entity however in this design it does become one with the bike frame. the ratchet straps must be
adjustable and move independently to keep users comfortable. The same goes for the knee pads,
although they are on the straps they need to be movable. Tent stakes obviously must come in and
out of the ground.
I think the design changing to be more in line with our CAD model will cause an increase in
TNCs, but not by so much. The wooden frame will still act as a solid piece, because the hinges will
be permanent in nature. The collapsibility will not mean that it comes apart it just folds together.
The current design however really is just the TNCs for the most part and there is something to be
said for the simplicity of that case.
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6.4 Design for Usability
Our prototype ought to be ergonomic and effective for all people, including those with disabil-
ities. Whether sensory, physical or control based, the design of our groundwork station should
accommodate the needs of everyone.
6.4.1 Vision Impairments
First, the needs of those with vision impairments will be analyzed. Partial impairments such as
various forms of color blindness will be inconsequential to the use of the groundwork station, as none
of the components are colored nor rely on color for their use. However, conditions of farsightedness
or blindness, adjusting ratchet straps could be more difficult. Therefore, to accommodate these
users, the pinch points of the ratcheting systems ought to be minimized to avoid any accidents, and
the handles ought to be made larger and textured with bumps or some touch-based indicator that
the user is grabbing the correct part of the mechanism.
6.4.2 Hearing Impairments
Next, the needs of users with auditory impairments will be analyzed. For users with partial or
complete hearing loss, the device will still be fully functional. No aspect of the device’s function
has any reliance on sound, and users can see visually the movement of every component they need
to adjust such as the chest pad pin system and the knee pad height adjustment.
6.4.3 Physical Impairments
Additionally, users with physical impairments must be considered. Users with pain disorders
such as arthritis, costochondritis, or angina may experience discomfort while resting their chest
or knees on the associated pads. The current design supplies padding for these areas, but the
thickness and density of these pads can be adjusted in order to assure maximally homogeneous
weight distribution. This adjustment would minimize joint and chest discomfort for afflicted users.
For users with muscle weakness or lack of ability to use limbs, carrying the device would be quite
difficult. In order to lower the current weight of the design (38 lbs) a bike frame will be used in
place of the welded solid steel frame of the initial prototype. This modification ought to reduce the
difficulty of transporting the groundwork station significantly.
6.4.4 Control Impairments
Finally, users with control disorders must be considered. For those who suffer with excessive
distraction or intoxication, mounting and dismounting the device could present a balance hazard.
In order to ensure the safety of these users, handles could be added to the rear outside corners of
the wooden frame, such that users can hold onto something comfortably while stepping over the
ankle support bar. For users with excessive fatigue, lifting and carrying the device could be difficult.
In addition to a reduced weight, the design accommodates these users as it simply needs to be set
down on the ground in order to fold out and deploy. Users suffering from fatigue could simply set
down the device and rest on the seat and pads.
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7 Final Prototype
Figure 22: Image of the final prtotype
Above is the final prototype we have built in our limited capabilities, the hanging blanket is the
temporary knee pad assembly the stool acts as a chest pad and the bar in the middle as the seat. In
the bent position, hands working the ground, the comfortableness is quite impressive, the position
is very ergonomic and with a future adjustability involved the positive impact on user health could
be remarkable. The stations dimensions, due to not being adjustable, were built using the bicycle
seen behind it. The bicycle frame would be resting in the center where the central beam is. This
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allows for a bike seat of adjusting height and a slot where handle bars attach would be the, adusting
in height chest pad. Ideally we will use a bike frame built for a 5 foot 2 inch indiviual. This is to
ensure that the low end of the spectrum can still complete their work.
7.1 Conclusion
This project remains a work in progress, however we believe we reached some relative success
in our final prototype. After dealing with the adversity of remotely working on this project to
have a final working prototype only one to two iterations away from being the best possible ground
workstation we could imagine, its safe to say we are happy with the results. As far as reaching
the performance goals, We hit the lowest ends of the marks, being in our desired weight window
on the heavy side, being 30 lbs. The comfort goal of being able to work for 30 minutes without
strain, I fully believe to be a success. In an infantile model to showcase the design feasibility, I was
able to rest un-bothered for over 30 minutes without a need to dismount the station. Lastly for
a range of users male and female from 10th to 90th body percentiles, being able to complete the
aforementioned goal i think we fell slightly short in not having been able to include our adjustable
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